Introduction
Well-known factors associated with recurrent vulvovaginal candidosis (RVC) include diabetes mellitus, pregnancy, cellular immunodefi ciency, and prolonged or recurrent antibiotic and steroid usage (4) . The cause of recurrent infections in a group of women with RVC, who are otherwise healthy with none of above risk factors, is unknown.
A reinfection, characteristics of microorganisms, the presence of Lactobacillus and other bacteria on vaginal mucosa and hormone status have all been proved as risk factors. However, they were not proved as the determining factors of the recurrence of this genital infection (1, 7, 10, 13) . Results of several studies suggested that some of these women might have a mild selective defect in cellular immunity (4, 13, 17, 18, 19) .
Our goal in this study was to verify the difference of systemic cellular immune reactivity in a group of patients with recurrent genital candidosis by comparing them with a healthy control group.
Materials and Methods

Patients
Our study included 20 women with RVC (A-group; age between 23-45 years) who were in the remission phase during the investigation. Patients were selected for the study if they had four or more microbiologically proved episodes of genital candidosis in the past 12 months and no evidence of diabetes mellitus, chronic underlying illness and long-term usage of steroids or antibiotics.
Volunteers
The control group (B-group) comprised 20 healthy female volunteers who had no history of vaginal candidosis or may have an occasional single episode, just before participating in the study. Selected control women were between 23 and 41 years old, matching the ages of patients within the A-group.
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The objective of the study is to examine the interferon-gamma (IFN-γ), interleukin-2 (IL-2) and interleukin-4 (IL-4) production in the cultures of specifi cally, by Candida albicans antigens (heat killed blastospores -HKB), and non-specifi cally, by Concavalin-A (Con-A) stimulated mononuclear peripheral blood cells (PBMC) of both examined groups. These cytokines have been registered by the quantative immunoenzyme method Quantikine (R&D system, Minneapolis, USA). The comparison of produced IFN-γ in cultures of HKB and Con-A stimulated PBMC in women with RVC and the corresponding results of the control group has showed neither signifi cant exceptions nor statistically signifi cant differences. Same results were observed for IL-2 and IL-4 in cultures of Con-A stimulated PBMC. On the other hand, IL-2 and IL-4 have not been found in HKB stimulated PBMC cultures. There were no differences discovered in quantities of IFN-γ, IL-2 and IL-4 produced by stimulated PBMC concerning women with RVC and healthy women.
Isolation and culture of human peripheral blood mononuclear cells (PBMC)
To assess cytokine production, PBMC were isolated from 10ml of freshly heparinized blood (50IU/ml), layered over lymphoprep (Nycomed, Farma) and washed twice in RPMI 1640 (Flow Laboratories, Irvine, UK). Culture medium consists of 20% of 20 mM HEPES, 100 μg/ml streptomycine, 100 μg/ ml penicillin, 2mM glutamine and PMBC in a concentration of 2x10 6 cells/ml. In the same medium 10% fetal-calf serum is also supplemented. The culture medium was incubated for 48 hours at 37°C in an atmosphere of 95% air and 5% carbon dioxide. Stimulations were performed for 48 hours by adding Concavalin-A (ConA -Sigma, St. Louis, Mo., USA) or by adding specifi c particular non-standardised Candida albicans antigen (heat killed blastospores -HKB). In all cases PBMC were incubated without antigens and served as the control.
Cytokines produced by PBMC
Interferon gamma (IFN-γ), interleukin-2 (IL-2) and interleukin-4 (IL-4) were registered by the quantative immunoenzyme method Quantikine (R&D system, Minneapolis, USA).
Statistical analysis
All statistical results were calculated from the Student's ttest and the Mann-Whitney Rank Sum test, using the software package SigmaStat (version 2.0).
Results and Discussion
According to the manufacturer's instructions, 8 standards of 0-1000 pg/ml concentrations for IFN-γ and 0-2000 pg/ml concentrations for IL-2 and IL-4 were used as the control in the immunoenzyme test. Unstimulated PBMC of A and B group were not producing IFN-γ, IL-2 and IL-4. Results for stimulated PBMC of both groups in which the cytokines were not detected are shown in Table 1 . Table 2 . The results shown are computed statistical parameters, such as the mean value, standard deviations and median, obtained from the measured values of cytokines. Data were analysed using the MannWhitney test. One should note that there were no statistically signifi cant differences (p < 0.05) in the quantity of produced IFN-γ by the HKB or Con-A, as well as in the quantity of produced IL-2 and IL-4 by Con-A stimulated PBMC in patients compared with healthy women.
Genital candidosis is a predominant vaginal infection in women (1, 4) . One should note that 75% of women have been infected at least once (50% twice or more times). The most interesting fact is that 5-8% of women had RVC, a disease which is characterised by three or more vulvovaginal fungal infections during a year (5, 6, 10, 12, 14) . Conditions for impaired cellular immunity are well-known causes of recurrent candidosis, e.g. acquired immunodefi ciency syndrome, immunosuppressive therapy, leukaemia, lymphoma, endocrinopathies, chronic mucocutaneous candidosis, etc. In most of these conditions the candidosis is not restricted to the involvement of the vulvovaginal mucosa (1, 12) . Few studies have investigated the cellular immunity in women with RVC. Syverson et al. (15) examined the cellular immunity in women and detected hypoergy or anergic reaction to C. albicans in 33% of women with RVC and 55% of healthy women.
Fong et al. (4) found a similar percentage of patients (24.7%) with negative reaction to C. albicans. However, they reported a much lower negative reaction in the controls (5.4%). Moreover, by using a lymphocyte transformation and leukocyte migration inhibition tests, the authors did not fi nd any signifi cant defects in lymphoblastic response to Candida antigen concerning both groups.
Witkin et al. (17) observed no differences in the proliferative responses of lymphocytes to mitogens. On the other hand, the proliferative response to C. albicans was decreased in women with RVC. In the further investigation (18, 19 ) the authors discovered that proliferation to Candida antigens was reduced at least 70% below the mean control value in 73% of patients, although it was also noticed that lymphocytes of patients responded in a normal range to Candida if incubated in the presence of control macrophages.
Mathur et al. (8, 9) reported that lymphocyte responses to ConA were signifi cantly lower than those of matched controls in 26 patients with chronical genital candidosis, whereas lymphocyte response to phytohemagglutinin was normal.
Trying to prove the relevance of the systemic cellular immunity for the pathogenesis of vaginal candidosis, Fidel et al. (2, 3) used experimental animal models of vaginitis in a number of prospective studies. They showed of neither the systemic cellular immune reaction nor the systemic immune toleration effects of the pathogenesis of genital candidosis. Later, the authors obtained the same results in their research that included a great number of women with RVC (1).
White et al. (16) compared the B and T lymphocytes subset levels of women frequently suffering from RVC to a healthy control group. There were no signifi cant differences between infected and control groups in levels of lymphocyte subsets CD-4, CD-8-T-Ly and CD-19-B-Ly.
Piccinni et al. (11) were investigating the cytokine profi le of circulating and vaginal T-cells specifi c for immunodominant mannoprotein antigens of C. albicans. They found that RVC is characterized by a highly polarized local and circulating type-1 T-helper cell as a response against C. albicans antigens.
Conclusions
Similar to the abovementioned studies, our research showed that there are no signifi cant differences in production of major cytokines of the system cellular immune reactivity regarding women with RVC and healthy women. We discovered only individual differences in productions of IFN-γ, IL-2 and IL-4 concerning both groups. Moreover, there were signifi cant differences in the production related to usage of different antigens in the cell culture. The minimal quantities of IFN-γ were found in the lymphocyte cultures stimulated by HKB. However, much greater production was registered in the lymphocyte cultures stimulated by ConA. We did not detect IL-2 and IL-4 in the HKB stimulation of PBMC. The signifi cantly smaller quantity of produced IFN-γ and the absence of IL-2 and IL-4 in the cultures of HKB stimulated lymphocytes can be explained by the fact that the low levels of IFN-γ, IL-2 and IL-4 were registered by the immunoenzyme method after ConA stimulation (2, 3) .
The immunoenzyme test Quantikine R/D system showed excellent performance by detecting small quantities of the produced cytokines in culture of stimulated PBMC.
